The quantum Brownian particle, immersed in a heat bath, is described by a statistical operator whose evolution is ruled by a generalized master equation (GME). The heat bath's degrees of freedom are considered to be either white-noise or colored-noise correlated, while the GME is considered under either the Markov or non-Markov approaches. The comparisons between these considerations are fully developed, and their physical meaning is discussed. PACS number(s): 05.40. +j
I. INTRODUCTION
In recent years great interest [1 -7] arose in considering non-Markovian processes in quantum systems interacting with a heat bath or reservoir, since memory effects happen to be important and cannot be disregarded in the socalled generalized master equation (GME), which describes the time evolution of some system of interest S.
A paradigm of a system commonly studied is the quantum Brownian particle (4) , represented by a harmonic oscillator (HO) of frequency Qo and unit mass. Furthermore, the system 4 is considered to interact with a medium, the reservoir %, constituted of a very large number of independent HO's of frequencies co". In principle, the total Hamiltonian of /+A is quite simple, but the determination of the dynamical evolution of 4 is almost impossible to solve exactly (and is not necessary) due to the complexity involved in manipulating a great number of coupled integro-differential equations. Therefore, adequate approximations are introduced in the formalism in order to attain solutions that make transparent the essential physical aspects of the time evolution of S. Among the interesting aspects that emerge in this study, one cites the thermal relaxation process that occurs in three different approaches: the drastic Markov approximation (MA) or white-noise MA (WNMA), corresponding to zero correlation time between the reservoir operators; the weaker MA or colored-noise MA (CNMA), which considers a finite correlation time; and finally the more precise non-Markov (NM) approach or colored-noise NM (CNNM). These concepts will be precisely defined later. Another interesting aspect to be treated corresponds to the memory effects in the dynamical evolution of the Brownian particle energy and its position-momentum correlation. Unlike other authors [6] , we choose to attribute the Markov or non-Markov nomenclature to the system of interest S and not to the reservoir, since this is more similar to the original concepts [8] ; however, we distinguish between white-noise and colored-noise approaches in the treatment of the reservoir operator correlations.
Our treatment difFers from that of Refs. [1] and [7] in the picture we work: specifically, we obtain a GME in c numbers that is used to calculate the mean values, whereas they solve Langevin equations. Among the considerations in our treatment we cite the following. (1) The 4+% interaction is in the rotating-wave approximation (RWA) [9] , meaning the absence of rapidly oscillating terms. It is worth noting that our treatment is equivalent to the so-called modified RWA of Ref. [1] . (2) The weak-coupling approach, introduced in the GME of Peiers [10] , takes into account terms up to second order in the interaction between 4 and %. Since we work with the hypothesis that the reservoir remains in a global thermal equilibrium at any time, then this approach is sufficient to ensure an irreversible evolution [11] of the system S. It is worthwhile to observe that in the above sense the interaction is weak for A, whereas the damping may be strong or weak for 4, as discussed in Ref. [7] .
Under these conditions the dynamical behavior of the quantum Brownian particle becomes characterized by four parameters: the natural frequency Qo, the damping constant y, which by its turn depends on the squared coupling constant~K "~, the memory correlation time w" and the reservoir temperature T.
The aim of the present work is to compare the CNMA, considered by Velasco et al. [2, 5, 6] (2) without any approximation involving the time.
where we assume a factorized form for the initial state P(0) =p+ (0) 
We consider one specific harmonic oscillator, the quan- with Lo =L++L&, H, H&, and V are, respectively, the system, the thermal bath, and the interaction Hamiltonian.
This approach is equivalent to the Born approximation for the exact kernel of the GME obtained by Peiers [10] according to the Zwanzig projection technique [12] ,
are the system and reservoir Hamiltonians, respectively, and Q,~and~"are the oscillator frequencies. The interaction between system and reservoir is considered in the RWA, namely, P = y(X"*b"'A +Sr"b"A"), where E"and K"* are coupling constants. In the above equations we considered that fi= 1 and the operator commutation rules are bosonic type.
Substituting the Hamiltonian (5) into the GME (2) , we arrive at the following equation: where~E "~i s the modulus of the coupling constant defined in Eq. (8) .
In treating the integro-differential equation (2) (2) that the kernel k(t -t')=5(t -t')k. The 
